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The Quark Gluon Plasma (in brief)

e Hadron deconfinement > Quark+Gluon soup
— First microseconds after the Big-Bang
— ForT = 150 — 180 MeV/kz and € = 0.5 — 1 GeV/fm3
> Heavy-ion collisions

e First hints at SPS (Fixed target, CERN, Geneva)
— Charmonium suppression

e Extensively produced and studied at RHIC (Collider,
BNL, New-York state)

— From 2000 on, still running, up to v/syy = 200 GeV
— Jet quenching, elliptic flow, thermal photons, charmonia...

e Now at LHC, new regime (Vsx14) and new probes:

— Reconstructed jets, Z and W, photons, Upsilons... for
which CMS is well adapted
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Compact Muon Solenoid
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Particle detection (|n|<2.4)

om im
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PbWO, |n|<3 Muon: drift tubes + RPC |n|<2.4
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and strips (10) |n|<2.4
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. | .
T Beurvay, CERM, Febromay 2004

HCal: Scintillation

In|<5 + Higher pseudo-rapidity

calorimetry extension
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PbPb collisions at the LHC
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Dec. 2011: = 160 pb~’

VSNN = 2.76 TeV

w=ip= DELIVERED
=== RECORDED
==@==DELIVERED 2010

Dec. 2010: = 7 ub

+ Mar. 2011:

~ 230 nb™ pp at 2.76 TeV

— Equivalent statistics for hard (rare) probes to the 2010 PbPb run
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Comprehensive list of topics

Multiplicity and transverse energy
e dN_/dn = 1600 and dE;/dn =2 TeV !
Particle correlations

JHEPOS (2011) 141
HIN-11-003

HIN-10-002 & 11-005

e Elliptic flow and higher harmonics JHEPO7 (2011) 076
e Di-hadron correlations (the “ridge”) arXiv: 1201.3158

Standard candles: Electro+Weak bosons

e |solated photons

® 7> UM (signal for Z > ee)

e W-> uv

Quarkonium suppression
e J/U, prompt and non-prompt
e Y ground and excited states

Jet quenching

arXiv: 1201.3158
PRL106 (2011) 212301
New preliminary result

arXiv:1201.5069
PRL107 (2011) 212301

arXiv:1202.2554

e High p; particle suppression, incl. 2011 data! PRC84 (2011) 024906

e Di-jet imbalance*

e Fragmentation functions

2012, February 17th

HIN-11-004

* Ed. Wenger, FNAL semniar, Jan 28t 2011
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CMS Experiment at LHC, CERN

Data recorded: Mon Nov 8 11:30:53 2010 CEST
Run/Event: 150431 / 630470
Lumi section: 173

[ —

THE BULK
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Centrality definition

e Collision centrality o [T T cms preliminary -
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JHEPOS8 (2011) 141 Total Mu |t|p||C|ty H
centrality
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e About 1600 charged particles per pseudorapidity unit

e Centrality dependence providing inputs to (initial state)
models
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Total transverse energy
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e 2 TeV per units of pseudorapidity
e Wide range of pseudorapidity
e 3 times larger than RHIC = 100 times nuclear density
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CMS-PAS-HIN-11-003
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Elli ptic flow CMS-PAS-HIN-10-002

e |[n mid-central collisions, e v, =2"d Fourier coefficient

almond-shaped of the azimuthal
overlapping region distribution of particles
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e Similar to RHIC...
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e Modest raise wrt to lower energy experiments

e Participant eccentricity scaling with transverse density

2012, February 17th
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Dihadron correlations  [aXiv: 1201.3158

PbPb\Gy=276TeV  30<p°<35GeVic  1.0<p™*<15GeVic
510% 10-15% 15-207%
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Dihadron correlation

Zooming in...

Opposite-jet particles
(AP = m, An...)

S0-60%

Long-range correlations
(Ad = 0, An up to 4)
The “ridge” already

seen at RHIC...
Elliptic flow, F
- 5
cos 2A¢ modulation
A Same-jet particles
(A =0, An = 0)
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Back to proton-proton

(d) CMS N =110, 1.0GeV/c<pT<3.oGeV/c

e Ridge also seen in pp high-multiplicity events
— Heavy-ion like effect in a pp event
— But interpretation is not easy
— Look for other heavy-ion like effects?

JHEPO9 (2010) 091

2012, February 17th Heavy lons in CMS - raphael@in2p3.fr 16



Conclusion 1: bulk and correlations

e In the line of RHIC results, particle correlations
studies brings a lot of information

e No dramatic surprises wrt RHIC

— The fluid is still perfect

e |Interpretations underway...

— In arxiv:1201.3158, the “ridge” in PbPb is well
reproduced by factorizing single particle azimuthal
harmonics and could just reflect collective motion (v,)
and overlap-region fluctuations (v,)...

2012, February 17th

Heavy lons in CMS - raphael@in2p3.fr

Much more details
in arXiv:1201.3158
See also HIN-11-005
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O

CMS Experiment at LHC, CERN

Data recorded: Tue Nov 9 23:51:56 2010 CEST
Run/Event: 150590 / 776435

Lumi section: 183

NEW CANDLES

Electro+Weak bosons should go through the colored medium without feeling it
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Back to centrality
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- CMS Preliminary
Centrality

e Collision centrality
related to energy
deposit in (forward)
calorimeters

e Then to geometrical
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Isolated photons

Smaller width

Larger width

Isolated
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Isolated photons

¢ PhOtOnS are CMS \[s_=2.76TeV L_[PbPb)=68pub" L, dpp)= 231 nb™
unmodified S RN AR RRARN RN RRRRE RS
. R —ea— R, (0-10%) |
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2 1 — ¢
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collisions [ = :
— But also for all 0.5 . ﬁ:iﬁi’;ﬁ:"’ ~
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arXiv:1201.3093
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Events/(2 GeV/c?)
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e 39 counts over a negligible background

 No R,, here, but direct comparison to solid
theory: no modifications

2012, February 17th
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PRL106 (2011) 212301
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A quick look at Z’s from
(a third of) 2011 data
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W bosons

e At LO, W bosons are
produced by fusion of a ) ;
valence quark and an
antiquark from the sea:
ud > Wrandud » W~

— Strong isospin effect since g S—
Pb has higher d/u than W
proton
e Cancels for W+ + W~ T\%l;
— Also a strong acceptance e@: o
difference (not heavy-ion !
SpECiﬁC) B. de la Cruz, Feb. 2012, Santiago de Compostela

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN11008
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e —
W bosons e
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<1000
W bosons 2900
“_é 800
"%“- 700

e No centrality dependence o
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e Muon charge asymmetry
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Conclusion 2: electro+weak bosons

e Photons, Zand W are unmodified

e More precise measurements (analyses of the
2011 run) should start constraining the nuclear

pdfs

e First step toward y-jet and Z-jet measurements

— Photons and Z acting as in-situ calibrators of the
opposite jet...

2012, February 17th Heavy lons in CMS - raphael@in2p3.fr
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Quarkonium suppression

Matsui & Satz,

Old predicted signature of the QGP PLB168 (1986) 415

— Quarkonia should melt one after the

| o T 1/(r)
other, depending on their binding ™
energy 450 MeV |- | Y(1S)
— Recent example of melting B
temperatures > - | X
240 MeV JIg, Y(2S)

@ SPS / RHIC, no / marginal access to
the (yet unresolved) Upsilon family

@ SPS, J/Y and ¢’ studied in detail

RHIC, J/Y brought up two
@ o /b sntup Mocsy, EPJC61 (2009) 705
SUrprises... BNL workshop in June

Xc’ X,b’ LIJ"
Y (3S)

200 MeV
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J/W at RHIC (all p5)

e Two surprises: <
) o x Nuclear modification factor
— At midrapidity, same o
. ] 2 PHENIX, Au+Au, |y|<0.35, + 12% syst

suppression at RHIC and at - & NASO, Pb+Pb, 0<y<1, £ 11% syst.
SPS, while density must be 0.8 Nt o g et
higher i

0.6/ | %#E%

- %
0.4— % % LT b
0.2

ol 1 11 | L 111 | 1 1 11 | L 111 | 11 | | | 1 1 11 | L 111 | 11 | |
06 50 100 150 200 250 300 350 400
N

part

PHENIX, PRL98 (2007) 232301, also 1103.6269 3
SPS from Scomparin @ QMO06 <—O
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J/W at RHIC (all p5)

f

brings forward yields down
— Hot: recombination of

o :
Two su-rprls.e.s. nf - Nuclear modification factor
~ At midrapidity, same ™ v oo gt e
suppression at RHIC and at . O PHENIX, Au+Au, |y|<0.35,  12% syst
SPS, while density mustbe ~gf % At e Dyt 1
higher i O NA38, S+U, O<y<1, + 11% syst.
— More suppression at forward o6 ['%9[:]%
rapidity at RHIC, while i N @
density must be lower - %
.« T . 0.4~ % LT b
wo popular answers: i 7 @ 3
— Cold: shadowing / saturation 0.2 t @

v b b b v b P Py g
unhcorrelated CC_‘bringS IJlJ 50 100 150 200 250 300 350 400
N

part

midrapidity yield up ( )
PHENIX, PRL98 (2007) 232301, also 1103.6269

SPS from Scomparin @ QMO06 <—O H
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Prompt J/U suppression
p /LIJ pp centrality H

>
e CMS J/Ll) pPr > 6.5 GEV/C 0:21.4:"' """" PLPb\{sIN_=27|6TeV|—
— Material and B-field 12:_ -E:wj:zr:ompu/w :

6.5< p, <30 GeV/c

e More suppression than at 1-. o
RHIC - _l -.i~ AuAu \[s,, = 200 GeV

vv STAR: JAhp (preliminary)
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Raa = 0.20 £ 0.03 £ 0.01 + 0.01 (central)
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Ask Alice about lower p-

@ 14 PbPb \(s,, = 2.76 TeV I o 1.4 i Pbe \f =2.76 TeV 7
o ALICE: J/y (2.5<y<4.0) u CMS: prompt JAp
arXiv:1202.1383 12 lyl<2.4 .

B 6.5< P, <30 GeVic
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1.2

1

AuAu \Sy, =200 GeV
o PHENIX Jhy (1.2<|y|<2.
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e More suppression at high p;
e But less suppression at low p; (and/or forward rapidity)
e Could be a case for cc recombination...

CMS, arXiv:1201.5069
ALICE, arXiv:1202.1383
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arXiv:1201.5069 UpSilOn(ls) suppression H
centrality

. >

e Feed down is only from
quarkonia (Xg > Y(1S)..) o 1l reya, -omrov mwmys-20cer -
— 50% in CDF for p; > 8 GeV/c s v e e B
In PRLSA (2000)p£o94 12:. co<p <maae |3
, E
e Upsilon(1S) are : . _
0.8 -
suppressed by about 40% : +4==~ L
0.6 -
e STAR measurement is for : ‘]L + :
all Upsilon (1S+2S+3S) 0'4;_ % E
0.2 -

e Compatible with a : :
disappearance of only 050100150200 550300 350400
. N
the excited states

part

Ras = 0.63 +0.11 + 0.09 + 0.05 (min.bias)
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Y excited states suppression

a C [ [ ]
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Y excited states suppression

in min. bias collisions
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ey —0,31912:+0.03
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Conclusion 3: Quarkonia suppressions

Y excited states are suppressed
— First time accessible in heavy-ion collisions

— Probability to obtain the measured double ratio (or
below) if they were not suppressed is<1 %

Y ground state is suppressed by about 40%
— Excited state feed-down only?

J/U are suppressed
— More than at RHIC at high p; (but less at low p-)

What about B > J/{ ?

— Decay outside the medium, nothing to do with quarkonia
physics, but reflect the fate of the original b quark
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arXiv:1201.5069 B> J/LI) suppression

centrality }'

. First measurement in ﬁ _II L III II| IIII|IIII |IIII |II IIIIIIIII 1 I_
heavy-ion collisions © M CMSPOPD sy =276Tev.  ~
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e J/P coming from B decay ' :
are strongly suppressed 1_l ]
0.8 ]
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CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

Lumi section: 249

o
Cormpomt s St

~y

JET QUENCHING

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV




Jet quenching

e The basic* picture @ RHIC
— High p; (up to 20 GeV/c) hadrons are suppressed

— Reflecting quarks energy loss in the dense medium
— Photons do not (R, = 1)

* Very extensive program with
much more measurements

2012, February 17th

in central collisions

R AutAu, \[s,, =200 GeV & direct v 0-10% [ 1 0-10%
AA imi 0 0
1.4l PHENIX Preliminary | z° 0-10% (PRL, 101, 232301)
i 32
1.2 3
1.....' ..................................................... .*.+*..+..+ .................
y i ¥
0.8
0.6
0.4_ . - -
0.2 il**-—'--J--
% 1 2 3 a4 s 7 8 10
pT(GeVIc)
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arXiv:1202.2554

Reaching higher p;

in central collisions

SPS 17.3 GeV (PbPh) GLV: dN fdy = 400
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1.5

2012, February 17th

In summary...

- CMS

[ PbPb {5, = 2.76 Tev,_[ Ldt=7-150 ub”

0-10%

aa Uncertainty 7
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Di-jet imbalance

PRC84 (2011) 024906

e Leading jet of E;' > 120 GeV (trigger efficiency)
e Subleading jet E;*> > 50 GeV (above background)

e stay essentially back-to back (Ad = m) but...

Event Fraction

-
Q
L)
LA

2012, February 17th
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"\

Di-jet imbalance

PRC84 (2011) 024906

Leading jet of E;1 > 120 GeV (trigger efficiency)
Subleading jet E;* > 50 GeV (above background)
stay essentially back-to back (A¢ = m) but...

highly unbalanced (E;! > E;?) in central collisions

j1_\' j2 0.1:5-
EM_EJ °T

i1 j2
B+ E;

2012, February 17th

0.2

cMS JL dt =35.1 pb”

—PYTHIA

Anti-k,, R=0.5

® ppVs=7.0 TeV —+1

J.L dt=67ub"

— PYTHIA+DATA

® PbPby5,=2.76 TeV

Iterative Cone, R=0.5 1

Heavy lons in

04 08
A= (pT,1_pT,2)/ (pT,1+pT,2)
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Finding back the missing energy...

;‘4‘ = Z _P?Mk COS ((PTrack il (PLeading ]et)
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<!> (GeVie)

... in low momentum, out-of-cone tracks

All particles in cone (AR<0.8) out-of-cone (AR>0.8)
llll]llllllllllillllllll "]""]""]""]""lll]]lllllllllllllllllll
cMS 030% | & saREE 1 Out-of-Cone |
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PRC84 (2011) 024906
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Fragmentation functions

10° FCME Breliminary T e cone (AR < 0.3) % O Leading Jet” TN U
102 i anti-k (R=0.3) PFlow Jets p,>4 GeVic ---- pp reference vs,, = 2.76 Ts.-\'/1 _;
E pi'>100 GeVic, p;t? > 40 GeVic ® Subleading Jet ILdt=7.2ub
wp 10 & A0 > 2/3n — pp reference -
= 1= § -
Z o PP PbPb S
1L z _=
T0'E,. . . R
102 \§ = 2.76 TeV 30-100% © 3
1073 J.L dt=260nb" = =
bt b b é__' A i }::::}_
: T [o]Leading Jet ]
pJet o 2% E » Subleading Jet| | |1
E=In L 2 0 —'
Track Qo 450 .
Pr & |
pr'reck > 4 GeV/c 05F 3 .
AR <0.3 0:|.... L |:| T I T N ITE,

IIII|
1 152 5335
ris2g

|5 t Trackz|1 15 2Je't Track
& =In(p"/p™) €= In(p:/p.™)

e Surviving jets are essentially unmodified, even

the subleading (quenched) one CMS-PAS-HIN-11-004
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Conclusion 4: jet quenching

High p; particles are still suppressed
B-mesons are also suppressed
— b-quark energy loss?

Large imbalance in dijet energies

— While angular correlation is conserved

Energy imbalance compensated by low p-
particles over a large angle

Hard component of jet fragmentation seems
independent of the energy loss in the medium
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Closing remark

e Already quite a lot of results
— 9 submitted papers on PbPb collisions

e = 20 times more data on tape...
— Already one paper with 2011 data

e And a pPb run to come to check the behavior of
all the observables

e Thanks to very efficient collider, experiment,
working group and people...

— (and storing the CMS heavy-ion data at FNAL)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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l
A Z-jet candidate... CMS Experiment at LHC,
| Data recorded: Fri Nov 1¢

Run/Event: 181969/ 197
Lumi section: 541
Orbit/Crossing: 1417501¢€

—
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BACK UP

2012, February 17th
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Higher harmonics?

6.1

2<|An[<4 -

vn

CMS L, =39ub"

Much more details
in arXiv:1201.3158
See also HIN-11-005
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1<p;9<1.5GeV
1 < pTaSSOC < 3 Gev

-

Npart

In the long range region (2<|An|<4), dihadron harmonics
shown to factorize and reflect the single particle harmonics

— It does not on the short range (| An|<1),
— nor for high p; v,, probably reflecting jet correlation
The “ridge” in PbPb is well modeled by single particle

harmonics and could just reflect collective motion (v,) and
overlap region fluctuations (v,)
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